Chronic progressive nephropathy (CPN) i s a commonly encountered lesion i n aging laboratory rats. CPN has been given a variety of names, based upon i t s complex nature. It is a lesion that occurs primarily in albino strains and is influenced not only by genetics but also by sex, age, hormones, diet, and microflora, among other factors. Affected kidneys are enlarged, pale and finely indented. The lesion begins with progressive thickening of glomerular, Bowman's capsular and proximal tubular basement membranes. Mesangial matrix increases
with deposition of IgM and, to a lesser extent, other serum components. Tubular atrophy and degenerative changes occur as the lesion progresses. The disease is manifested by increasingly non-selective proteinuria, consisting mainly of albumin. Serum chemical changes include elevations in a globulins and cholesterol and a decrease in albumin. Creatinine and urea remain unchanged until late in the course of CPN. Renal secondary hyperparathyroidism may occasionally be seen.
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Chronic progressive nephropathy (CPN) is indisputably one of the most common findings in aging laboratory rats. The current emphasis of long term drug evaluation programs makes this an ever apparent problem to the pathologist. The complexity of lesions manifested in the aged rat kidney has led to considerable speculation upon its basic nature and relationship to renal disease in man. As a result, numerous titles have been assigned to this disease process, including chronic nephritis (l), spontaneous or chronic nephrosis (2, 3), protein overload nephropathy (4, 5), spontaneous glomerular sclerosis (6, 7), chronic progressive nephrosis (8, 9) , progressive glomerulonephrosis (10, ll), glomerulosclerosis (12-14), nephritis (15) and dietary nephritis (16) . This glossary of often conflicting terminology has been compiled through the years by well-meaning individuals unfamilar with the mechanisms involved in its development. The syndrome is not inflammatory and not necessarily related entirely to any one factor Presented at tho 67th Annual Meeting of the International Academy of Pathology, March 7. 1978, Atlanta, Georgia. such as diet or age. It is not glomerulosclerosis and is not a nephrosis. Nevertheless, the fully developed disease has features of all of these terms, both in its development and manifestation. Chronic progressive nephropathy (CPN) is the term that will be used in this text to describe the lesion.
CPN is generally known to occur in most strains of albino rats (1, 4, 6, 9, 17) . Non-albino strains seem to be less affected (1, 5, 6, 18) . A study in wild Norway rats indicated that these animals were not affected or had only minimal changes (19) , while another study found marked CPN in wild rats (20) . Other examples of conflicting opinions about the sensitivity of rat strains to the development of CPN exist, due to the fact that comparison of CPN progression and severity between rat strains is difficult, because of the profound effect of a number of environmental variables upon the genetic background of the rat strain or stock in question. The disease is more severe in male than female rats (6, 12, 21) and can be abbrogated by castration or enhanced with testosterone (21), thyroxin and adrenal hormones (22) . Dietary protein, carbohydrates . and sodium excess (3-5, 10-12) or amino acid toxicity (4, 5) also influence the disease. It is age-associated (17) and can be enhanced with unilateral nephrectomy and irradiation (13) and slowed by thymectomy and starvation (3, 23, 24) . Rats of CPN-susceptible strains that are maintained in an axenic state do not seem to develop CPN, but this may in part be due to diet (6, 15) . The important points to be made from these observations are the complexity of the disease process and the inter-relationships of environmental factors with genetic background. Although a predictable sequential course of events occurs during the genesis of CPN, the rate of CPN development in any one strain or stock of rats, no matter how inbred, cannot be predicted between any two laboratories or studies within a laboratory.
In contrast to the smooth-surfaced mahogany-colored kidneys of young or normal rats (Figure l), kidneys of rats with CPN have been noted to be larger than normal and pale tan with finely granular, indented surfaces (3,10, 11). They are often irregularly pigmented with brown or golden striations radiating from the corticomedullary junction ( Figure 2 ). Small cystic structures may be discernable in the cortex.
The histopathology of fully developed CPN has been described by numerous investigators and these observations have been reviewed (1, 3, 6-8, 18). In advanced CPN there are marked changes involving the entire nephron and interstitium. Glomerular changes include global enlargment, segmental sclerosis, diffuse basement membrane thickening, mesangial hyalinosis and adhesions. Basement membranes of Bowman's capsule and proximal tubules are thickened, wrinkled and split. present within the lumina of the distal, and to a lesser extent, proximal tubules. The interstitium becomes fibrotic and is focally infiltrated with leukocytes. Pigment granules are present within tubular and interstitial cells. It is apparent that the complexity of the well developed lesion lends little information into its early pathogenesis.
The earliest discernable microscopic change in young rats is thickening of glomerular basement membranes, best visualized with the use of periodic acid Schiff (PAS) reaction (2,3,6,8,10-12, 18, 25) . The thickened basement membranes are argyrophilic and PAS-positive, with the PAS-positive component corresponding to the central lamina densa. The outer lamina rara does not increase in thickness, as demonstrated with Alcianblue stain (12, 25, 26) . Ultrastructurally, there is a two to three fold thickening of glomerular capillary basement membranes, progressing in severity with advancing age (4, 7, 8, 12). The glomeruli enlarge due to capillary dilation, resulting in occlusion of Bowman's space (6, 8, 18) . There is an accumulation of electrondense amorphous material, particularly at the arterial pole, in the mesangium which is PAS positive with light microscopy (4, 6-8, 12). Changes in the glomerular epithelial cells are also seen. These cells contain PAS positive granules, apparently representing protein absorption droplets and are seen as ultrastructural dense bodies (8, 25) . Glomerular epithelial cells may appear swollen with fusion of foot processes, and with occasional villous transformation of the cell surface (4, 7, 8, 12). Adhesions to Bowman's capsule and glomerular sclerosis, either segmental or global, are often present (6, 7, 10-12). Despite these relatively severe glomerular changes, little or no cellular proliferative response occurs (11). The basement membrane of Bowman's capsule becomes markedly thickened and split (Figure 3 ) with interposition of collagen fibers (2, 4, 8, 11, 12). Remarkably, glomerular changes are manifested in a random distribution throughout the cortex. There may be severe involvement of one glomerulus and complete sparing of another.
Changes in tubular epithelial cells are also common. Basal laminae surrounding proximal tubules become progressively thickened and often appear wrinkled and folded (2, 3, 8, 25). PAS-positive resorption droplets or dense bodies are readily visible in the proximal tubules as well as distal segments (8, 12, 25) (Figure 4) . However, these structures are also present to a lesser degree in normal rat kidneys (19) . Tubules may show epithelial hypertrophy or hyperplasia with rare mitotic activity (8). Tritiated thymidine uptake is increased in these cells (27) . More often, atrophic changes are present in tubular epithelium (3, 5, 7, 8, 11, 23) . Proximal tubules may be collapsed and surrounded by thickened and Epithelial remnants may 'disappear into folds of the tubular basement membrane (8). Distal tubules tend to dilate and become filled with profeinaceous casts. This is most apparent at the corticomedullary junction in the early stages of CPN (3, 8, 10, 11). Casts of varying staining intensity occupy dilated tubules lined by atrophic epithelium (Figure 7 ). Some authors have described this as a "pseudothyroid" appearance (10, 11). Iron-positive pig- 
FIG. 7-Hyalin casts within distal tubular segments in advanced CPN. The interstitium is infiltrated with mononuclear leukocytes. H & E.
ment is often observed around proximal tubules and within epithelial cytoplasm and lipofuscin pigment may be present in epithelial cells (4, 17) .
An often but not invariable occurrence is the presence of mononuclear leukocytes within the interstitium in scattered areas throughout the cortex (2-4, 6 , 8, 10, 11, 17, 18, 23). As affected nephrons collapse, there is a relative as well as absolute increase in interstitial collagen, best seen with the use of Masson's trichrome stain.
Recent immunochemical investigations into the development of CPN have revealed that immune complexes or serum antibody are not responsible for the basement membr'ane thickening. Serum from older rats with CPN were negative for IgG or IgM antibodies to kidney antigens (7). However, mesangial d e j posits have been shown to contain IgM and to a lesser degree IgG. Sclerotic glomeruli contain IgA, IgE, C3, fibrin, albumin, and morphologic evidence of lipid (6, 7, 12). This correlates well with physiologic changes in the aging rat kidney. There is a progressive increase in glomerular basement membrane permeability to proteins, causing decreasing selectivity of urine protein excretion (7, 28). The accumulation of mesangial material occurs later than the onset of glomerular permeability to proteins. As a result of persistent glomerular permeability to proteins and proteinuria, material appears to accumulate in the mesangium; Impairment of mesangial phagocytic function has been demonstrated with colloidal iron uptake studies (7).
Proteinuria was recognized as a process in normal male rats by early investigators (2, 3). The amount of protein excreted was found to be proportional to the level of protein in the diet (3), age of the rats (2, 28, 29, 31) and eventually correlated to the degree of CPN (3). In contrast to female rats, young males with normal kidneys were found to have a low level of proteinuria, with only small amounts of albumin present in the urine (3, 12). The urine of young rats was found to contain a 2 and p globulin, with progressive albuminuria developing in older rats with CPN ( 2 ) . Examination of urinary proteins can be obscured if only protein concentration is taken into account, since aging rats also develop diuresis as well as albuminuria. In a carefully performed study of Sprague Dawley rats in which total urinary protein output was examined over 24 hour periods, a number of findings were clarified. Neonatal rats did not excrete protein, but at a relatively young age (3 months), 25% of male rats excreted greater than 10 mg. of protein per day. The amount of protein excreted and the incidence of excretors increased with age, increasing to a mean of 65 mg. at 24 months of age. In young rats, the bulk of the urinary protein was a globulin, probably of tubular origin. As rats aged, albuminuria appeared and eventually other serum proteins were also found in the urine. In late stages of CPN, the urinary proteins were diverse and resembled those of serum (6) .
CPN results in significant changes in serum chemical values. Decreasing albumin and increasing a and p globulins have been seen as CPN progresses (2, 6, 7, 17) . The most striking change, hypoalbuminemia, is due to urinary loss rather than a decrease in serum half-life or rate of production (31) . Despite dropping albumin levels, most studies have found that total serum proteins remain unchanged throughout the lifespan because of an increase in serum globulins (6, 7, 10) . This is probably a result of intercurrent disease, since total serum protein decreased in aging male F344 rats that were Caesarean-derived, barriermaintained and had no significant infectious disease (17) . Albumin decreased and y globulins increased, but p globulin levels remained static throughout the lifespan, resulting in a net drop of total serum protein with advancing age (17) . CPN is also associated with hypercholesterolemia (2, 6, 17). Remarkably, serum creatinine and urea nitrogen levels are generally unchanged even in the presence of late stage CPN (2, 6, 7, 17). In male F344 rats, serum creatinine and urea nitrogen levels remain constant despite advancing renal disease until about 30 months of age, at which time mild elevations in both are detectable (17) . Rats with severe CPN seem to maintain a remarkable degree of compensation until they become moribund, at which time urea nitrogen and creatinine levels are often decidely abnormal.
Renal secondary hyperparathyroidism would be an expected finding in rats with severe kidney disease. In fact, parathyroid hyperplasia, osteofibrosis and metastatic calcification of soft tissues do occur in aging rats with CPN. However, these changes seem to be a relatively rare and late manifestation,of CPN. In studies that have examined this carefully, only occasional older rats had these changes (1, 17). One investigation described these changes in detail, but did not indicate the actual incidence in the population of rats involved (30) . Parathyroid glands became enlarged, with hyperplasia of chief cells. Generalized osteodystrophy fibrosa and osteosclerosis were found. Metastatic mineralization of soft tissues generally occurred in the stomach and intestine, kidney, lung, media of large arteries and a varikty of other organs.
This review has attempted to describe the pathology and physiology of CPN in aging rats. Despite the information available, the basic etiology and early pathogenesis of CPN is not completely understood, and in fact femains controversial. The disease appears to be one resulting from increased glomerular basement membrane permeability, which becomes increasingly nonselective as age advances. Glomerular basement membranes become thickened and mesangial matrix increased. Other changes further down the nephron may be secondary, although they are often the most striking changes seen by the pathologist. CPN develops along a predictable course, but the rate of development, and thus the stage of development at the time of necropsy, will surely vary with environmental and genetic factors.
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